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The world is currently in the midst of a daunting global pan-
demic due to SARS-CoV-2 viral infection and associated
COVID-19 disease. Healthcare professionals are tasked
with the challenge of managing diverse multisystem clin-
ical manifestations of this infection. Although acute hy-
poxic respiratory failure is the hallmark of severe COVID-
19 disease, there have been diverse manifestations within
the cardiovascular (CV) system that each pose unique ther-
apeutic challenges. Of these manifestations, myocardial
injury and right ventricular dysfunction are the most com-
mon, however, heart failure, circulatory shock, cardiomy-
opathy, arrhythmia, and vascular thrombosis have been
noted as well. Furthermore, these CV related manifesta-
tions portend greater morbidity and mortality, which re-
quires clinicians to be familiar with the most recent infor-
mation to provide informed patient care. Although there
are limited treatment options available for COVID-19, it is
imperative that the potential cardiovascular implications
of these therapies are considered in these patients. This
review highlights the pathophysiological mechanisms of
and therapeutics for CV manifestations of COVID-19 as
well as the CV implications of proposed COVID-19 thera-
pies. Since our hospital-based providers are the frontline
caregivers battling this pandemic, the aim of this review
is fo assist with clinical decision-making for optimal pa-
tient outcomes while maintaining a safe environment for
healthcare personnel.
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1. Introduction

The first severe acute respiratory syndrome (SARS) epidemic
caused by a coronavirus (CoV) emerged from China in 2003,
called SARS-CoV; which was followed by a second outbreak
emerging from Saudi Arabia in 2012, known as Middle Eastern
respiratory syndrome (MERS) (He et al., 2020). The current novel
CoV Disease of 2019 (COVID-19) is caused by SARS-CoV-2, and
was declared a pandemic by the World Health Organization in
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March of 2020 (World Health Organization. ,2020a). It is thought
to have been transmitted from bats to humans via pangolins (Zhang
et al., 2020). Since the outbreak of the infection in December of
2019 from its original epicenter in Wuhan City, China, the virus
has spread across the globe through person-to-person transmission
via respiratory droplets (Li et al., 2020). As of mid-July 2020, the
pandemic is spreading and ongoing with over 14 million affected
worldwide, over 3.7 million affected in the United States, and over
602,000 deaths globally (Johns Hopkins University. , 2020).

2. Background of coronavirus (CoV)

Coronaviruses are a large family of single positive-strand RNA
viruses that infect humans and animals. There are four subclasses
of CoV with varying targets of infection; alpha and beta infect
mammals, gamma infect avians and delta can infect both mam-
mals and avians (Ge et al., 2013). The SARS-CoV-2 belongs to
the beta subclass (Pal et al., 2020) and is made of four structural
proteins: the nuclear protein (N), the spike protein (S), the enve-
lope protein (E), and the membrane protein (M) (Ge et al., 2013).
SARS-CoV-2 infection is caused by the binding of the human
angiotensin-converting enzyme 2 (ACE2) peptidase to the viral
surface spike protein following activation of the spike protein by
transmembrane protease serine 2 (TMPRSS2) (see Fig. 1) (Guzik
et al., 2020). As evidenced in the mouse heart, the primary func-
tion of ACE2 as a peptidase is the metabolism of angiotensin II
(ANG 1II) to angiotensin 1-7 (ANG-(1-7)). The binding of ACE2
to SARS-CoV-2 prevents metabolism and allows for an increased
ANG II to ANG-(1-7) ratio, which is detrimental to cardiac func-
tion (Chappell, 2016). Furthermore, ACE2 peptidase is expressed
in type II alveolar cells, stratified epithelial cells of the upper air-
way and esophagus, enterocytes of the ileum and colon, myocar-
dial cells, vascular endothelial cells, proximal tubules of the kid-
ney, and urothelial cells (Xu et al., 2020). This leads to greater
multi-organ involvement of this infection beyond the alveolar cells
of the lungs, including the cardiovascular (CV) system.

3. Demographics and Non-CV clinical
manifestations
COVID-19 has a greater predilection for severe disease among
older patients (median age of 62 years) and males (60%) (Huang
et al., 2020). In addition, there has recently been an increasing in-
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Fig. 1. ""Basic pathobiology of SARS-CoV-2 infection and possible treatment strategies''. Upon the viral spike protein priming by the transmembrane
protease serine 2 (TMPRSS2), SARS-CoV-2 uses the host angiotensin-converting enzyme 2 (ACE2) to enter and infect the cell. Inhibiting TMPRSS2
activity could be used to prevent proteolytic cleavage of the SARS-CoV-2 spike protein and protect the cell against virus--cell fusion (1). Another approach

could be neutralizing the virus from entering cells and keeping it in solution by activation of a disintegrin and metalloprotease 17 (ADAM17) which leads to

shedding of the membrane-bound ACE2 and release of the soluble extracellular domain of ACE2 (2); additionally, administration of soluble recombinant

human ACE?2 protein acting as a competitive interceptor for SARS-CoV-2 (3).

Title, legend (modified), image (modified) reproduced with permission from Guzik et al. (2020).

cidence of infection among pediatric patients and young adults (<
39 years) and of severe disease in infants (Stokes et al., 2020). In
a recent United States patient sample, the most common comor-
bidities were hypertension (56%), obesity (41%), diabetes (33%),
while coronary artery disease and congestive heart failure were no-
table CV comorbidities with more severe outcomes (Richardson et
al., 2020). Additionally, immunocompromised patients as well as
patients with sickle cell disease and/or blood group A are predis-
posed to poorer outcomes when infected with COVID-19 (Elling-
haus et al., 2020). There is a wide spectrum of clinical manifesta-
tions that are known, ranging from an asymptomatic state to severe
acute hypoxic respiratory failure with circulatory shock (Guzik et
al., 2020). A detailed review of COVID-19 related infection is be-
yond the scope of this article. Fig. 2 has been reproduced from a
previously published article to provide a broad outline of the time
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course, key clinical manifestations, biological markers and radio-
logical features of the disease (Guzik et al., 2020).

4. CV-specific manifestations of COVID-19

Pre-existing CV disease may potentially increase the risk of
severe infection and mortality with SARS-CoV-2 (Guan et al.,
2020). In addition, variable acute CV manifestations have been
reported, with an incidence of 12% to 28% on average and up to
31% among patients in the intensive care unit (ICU) (Wu and Mc-
Googan, 2020). The pathogenesis of CV manifestation in COVID-
19 may be a primary phenomenon or a secondary response to se-
vere systemic inflammation and hypoxic acute respiratory distress
syndrome (ARDS)(Akhmerov and Marbdn, 2020).

Mahenthiran et al.
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Fig. 2. ""Key symptoms, biochemical and radiological features of the clinical course of COVID-19"

Title, image reproduced with permission from Guzik et al. (2020).

4.1 Myocardial injury

The most common reported acute CV manifestation is cardiac
injury; as identified by elevated high-sensitivity troponin I, tro-
ponin T and creatinine kinase levels; specifically, high-sensitivity
troponin I was significantly elevated in over half of fatal COVID-
19 cases (Januzzi, 2020). Electrocardiogram (ECG) abnormal-
ities of ST elevation and diffuse ST and/or T-wave abnormali-
ties of ischemia are seen in up to 60% of COVID-19 patients
with myocardial injury (Guzik et al., 2020; Wu and McGoogan,
2020). For COVID-19 patients with ST-elevation myocardial in-
farction (STEMI), only 60% of patients who underwent coro-
nary angiography had atherosclerotic plaque rupture leading to
thrombotic obstructive coronary artery disease (CAD) (STEMI-
type 1 MI) (Bangalore et al., 2020). This suggests a higher in-
cidence of non-obstructive CAD with STEMI in COVID-19 pa-
tients (Bangalore et al., 2020). Among COVID-19 patients with
non-obstructive coronary disease, ST elevation secondary to my-
ocardial injury still resulted in a worse prognosis (Bangalore et
al., 2020). Other proposed mechanisms of cardiac injury in-
clude hypoxic myocardial oxygen supply/demand mismatch (Type
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2 MI), cytokine storm, coronary spasm, dysregulation of the
renin-angiotensin-aldosterone system (RAAS), vascular endothe-
lial damage, and microvascular thrombi (Fried et al., 2020). In ad-
dition, pro-inflammatory cytokine storm and/or direct viral seed-
ing can lead to myocarditis (Gupta et al., 2020). Specifically, it has
already been demonstrated that in vitro, COVID-19 can directly in-
fect human heart muscle (Sharma et al., 2020) and in vivo, COVID-
19 can localize to the myocardium causing injury (Tavazzi et al.,
2020). As aresult of myocardial injury, patients can develop stress
cardiomyopathy, left ventricular (LV) systolic dysfunction, circu-
latory collapse with shock, cardiac arrhythmia and rarely, sudden
myocardial rupture (Akhmerov and Marbdn, 2020; Arentz et al.,
2020; Fried et al., 2020).

4.2 Heart Failure, cardiomyopathy, and shock

Limited data exists on the incidence of heart failure in COVID-
19. Studies from Wuhan City suggest that 50% of COVID-19
patients who ultimately died had heart failure (HF) (Zhou et al.,
2020). Elderly patients with pre-existing CV disease may have
LV hypertrophy and diastolic dysfunction that exacerbates the in-
cidence of HF with preserved ejection fraction (HFpEF) (Mehra
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Fig. 3. "Cardiovascular involvement in COVID-19---key manifestations and hypothetical mechanisms". SARS-CoV-2 anchors on transmembrane

ACE2 to enter the host cells including cardiac myocytes, leading to inflammation. In particular, the infection of endothelial cells or pericytes could lead

to severe micro vascular and macro vascular dysfunction. Furthermore, in conjunction with the immune over-reactivity, it can potentially destabilize

atherosclerotic plaques and explain the development of the acute coronary syndromes. Progression of systemic inflammation and immune cell over

activation, leading to a 'cytokine storm', which results in an elevated level of cytokines such as IL-6, IL-7, IL-22, and CXCL10. Subsequently, it is

possible that activated T cells and macrophages may infiltrate infected myocardium, resulting in the development of fulminant myocarditis and severe

cardiac damage. Similarly, the viral invasion could cause cardiac myocyte damage directly leading to myocardial dysfunction and contribute to the

development of arrhythmia.

Title, legend (modified), image reproduced with permission from Guzik et al. (2020).

and Ruschitzka, 2020). Therapeutic interventions utilized to treat
COVID-19 infection such as intravenous (IV) fluids, steroids and
non-steroidal anti-inflammatory agents can alter salt and water
balance, which further aggravates the incidence of HFpEF (Mehra
and Ruschitzka, 2020). HF with reduced ejection fraction (HFrEF)
may be due to exacerbation of pre-existing or undiagnosed heart
disease and/or secondary to acute myocardial injury (Mehra and
Ruschitzka, 2020).This can lead to severe circulatory collapse and
shock at various stages of the infection. Isolated right heart failure
and associated pulmonary hypertension should also be considered
in the presence of parenchymal lung injury with hypoxia (Kim,
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2020). A recent echocardiographic study suggests right ventricu-
lar (RV) dilatation and dysfunction (39%) followed by LV diastolic
(16%) and LV systolic (10%) dysfunction were seen in hospital-
ized patients (Szekely et al., 2020). Additionally, there have been
reports of a few SARS-CoV-2 patients with small pericardial ef-
fusions and a rare incidence of cardiac tamponade as a result of
myopericarditis (Dabbagh et al., 2020). ARDS from COVID-19
infection can cause elevated brain natriuretic peptide (BNP) and/or
N-terminal pro BNP levels that may be indicative of a worse dis-
ease course (Januzzi, 2020).

Mahenthiran et al.



Table 1. Outline of common therapeutic approaches to CV manifestations of COVID-19

CV Manifestations

Therapeutic Options

Cardiac Injury (Elevated Troponin)

- STEMI
- NSTEMI

- Myocarditis

Primary or rescue PCI or IV Fibrinolytic (ex: tPA)
Early invasive strategy-PCI in high risk patients
Anti-ischemic therapy: BB, CCB and nitrates
IV anticoagulation: LMWH/UFH (therapeutic dose)
Antiplatelet therapy (dual therapy if no contraindications)
Oxygen, Cautious IV hydration, Supportive care

IV steroids, antiviral and anti-inflammatory agents (trials)

Acute Circulatory Shock
- Cardiogenic

- Systemic / Sepsis

(Target MAP — 60-65 mm Hg)
Coronary angiography, Inotrope: Norepinephrine, MCS
Antiviral / anti-inflammatory agents
Biological immunomodulators

Inotrope: Norepinephrine or Vasopressin, MCS-ECMO

Acute Heart Failure
- HFpEF
- HFrEF

Oxygen, IV diuretic, Supportive care
Oxygen, IV diuretic, Inotrope: Dobutamine
Guideline directed medications: BB, ACE-I (as tolerated)

Renal replacement therapy(as indicated)

Cardiac Arrhythmia
- Atrial Fibrillation/Flutter

- Ventricular Tachycardia (VT)

- Polymorphic VT/VF/Tdp

- Brady arrhythmia

Hemodynamic Instability: Electrical Cardioversion
IV Amiodarone for rhythm/rate control

Rate control agents: BB and CCB / Digoxin

Therapeutic LWMH/UFH and DOAC per CHA2DS2-VASc (Avoid AAD and check drug interactions)

Hemodynamic Instability: Electrical Cardioversion
IV Amiodarone for rhythm control
Correct electrolytes, volume and acidosis
IV BB-Esmolol/IV Lidocaine if refractory or recurrent
Electrical Cardioversion
Withdrawal of all QT prolonging agents
IV Magnesium and correct electrolytes
IV Isoprenaline or Temporary Pacemaker
Remove offending agents

IV Isoprenaline, IV Atropine, Temporary Pacemaker

Cardiomyopathy
- Stress Cardiomyopathy
- RV dysfunction

Oxygen, Anti Inflammatory, Inotrope: Norepinephrine
Higher preload (CVP 12-15), Ventilation, IV fluids,
Inotrope: Dopamine / Milrinone, MCS: Impella RP®

Vascular Thrombosis

- VTE/ Pulmonary embolism

- Cerebrovascular accident

Anticoagulation: Therapeutic LMWH/UFH and DOAC
IV or catheter directed (EKOS) thrombolytic (ex: tPA)
Thrombectomy with stent placement
IV thrombolysis, DOAC and antiplatelet therapies

STEMI: ST-elevation myocardial infarction, NSTEMI: Non-ST elevation myocardial infarction, PCI: Percutaneous coronary intervention, I'V: intravenous,

tPA: Tissue plasminogen activator, BB: Beta blocker, CCB: Calcium channel blockers, LMWH: Low-molecular-weight heparin, UFH: Unfractionated

heparin, MAP: Mean arterial pressure, MCS: Mechanical circulatory support, ECMO: Extracorporeal membrane oxygenation, HFpEF: Heart failure

with preserved ejection fraction, HFrEF: Heart failure with reduced ejection fraction, AAD: Anti-arrhythmic drug, Tdp: Torsade de pointes, ACE-I:

Angiotensin converting enzyme inhibitor, CVP: Central venous pressure, EKOS: Ekosonic Endovascular System, DOAC: Direct oral anticoagulant,
VTE: Venous thromboembolism, VF: ventricular fibrillation, CHA2DS2-VASC: score for atrial fibrillation stroke risk

Volume 21, Number 3, 2020
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4.3 Cardiac arrhythmia

Cardiac arrhythmia is another common CV manifestation of
COVID-19 infection. A preliminary patient cohort studied in
Wuhan, China, reported an incidence of arrhythmia of 16.7% over-
all that spiked to 44% in ICU patients (Wang et al., 2020). Tachy-
cardia and rarely bradyarrhythmia have been reported, with sinus
tachycardia being the most common (Bhatla et al., 2020). Other
pathological arrhythmias like atrial fibrillation, supraventricular
tachycardia (SVT) and monomorphic or polymorphic ventricular
tachycardia can also occur, especially in the setting of severe car-
diac injury (Guo et al., 2020; Wang et al., 2020). Antiviral therapy
and underlying electrolyte abnormalities can lead to QT prolonga-
tion that may increase the risk of ventricular arrhythmia, including
the incidence of torsade de pointes (TdP) (Guo et al., 2020; Wang
et al., 2020). An initial case report suggests that COVID-19 in-
fection alone may also be capable of QTc prolongation through a
currently unknown mechanism (Merino et al., 2020). The direct
effects of COVID-19 infection on QTc interval prolongation are
being investigated in ongoing clinical trials (Zaballos, 2020).

4.4 Vascular thrombosis

Thrombotic complications can be as high as 31% in critically
ill COVID-19 patients (Klok et al., 2020a). The manifestations
include venous thromboembolism (VTE), pulmonary embolism
(PE) and large vessel cerebrovascular accident (CVA), especially
among young adults (Klok et al., 2020b). PE was the most frequent
thrombotic complication despite the use of thromboprophylaxis,
especially among ICU patients (Klok et al., 2020b). For patients
with suspected CVA, 31% had ischemic stroke, 6% had intracra-
nial hemorrhage and 2% had cerebral venous thrombosis (Ma-
hammedi et al., 2020). In addition, high risk of clotting of renal
replacement circuits and device thrombosis has also been reported
(Klok et al., 2020b). Based on existing evidence, thromboem-
bolic events can be seen at any stage of the infection and in non-
critically ill patients (Helms et al., 2020). Markedly elevated D-
dimer level is indicative of increased risk of microthrombosis that
is associated with high mortality in COVID-19 infection (Helms
et al., 2020). The pathogenesis of increased vascular thrombosis
is not well-understood; however, potential mechanisms may in-
clude disseminated intravascular coagulation, endothelial injury,
stasis secondary to immobility, pro-coagulation pathway activa-
tion and antiphospholipid antibody-mediated mechanism (Helms
et al., 2020; Singhania et al., 2020). Recently, COVID-19 asso-
ciated coagulopathy (CAC) has emerged as a distinct entity from
sepsis-induced coagulopathy (SIC) and disseminated intravascu-
lar coagulation (DIC). Initially in CAC, there is minimal change
in the patient's platelet count and prothrombin time when com-
pared to the more significant changes that occur in SIC and DIC
(Iba et al., 2020; Singhania et al., 2020). Furthermore, VTE and
arterial thrombosis are more common in the course of CAC than
in SIC and DIC (Iba et al., 2020). Fig. 3 is a reproduction of a
previously published schematic summary of the pathophysiolog-
ical mechanisms and observed clinical cardiac manifestations, as
applicable to COVID-19 infection (Guzik et al., 2020).

5. Therapeutics for CV-specific
manifestations of COVID-19
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Table 1 is an outline of direct treatment options for various
CV specific disease manifestations that have been associated with
COVID-19 infection.

5.1 Myocardial injury

There is a wide range of etiologies that may contribute to my-
ocardial injury in COVID-19 including plaque rupture, demand
ischemia, stress cardiomyopathy or myocarditis, all resulting in
elevated troponin levels. The confirmation of an acute coronary
syndrome (ACS) instead of inflammatory etiology can be aided
by the presence of angina, ST segment changes on ECG, and a
rise and fall in troponin levels (Mahmud et al., 2020). If ACS is
suspected, patients should receive standard dual antiplatelet ther-
apy with aspirin, a P2Y 12 inhibitor, heparin products (therapeutic
dose for anticoagulation), beta blockers, and a high intensity statin
unless contraindicated (Amsterdam et al., 2014).

Primary percutaneous coronary intervention (PCI) within 90
minutes of presentation remains the mainstay of therapy for
STEMI in patients with known or suspected COVID-19 infection
(Mahmud et al., 2020). The limited use of pharmacoinvasive IV
fibrinolytic therapy is reserved for the minority patient group with
low-risk STEMI and for healthcare facilities that lack the resources
to conduct safe primary PCI. On the other hand, NSTEMI (type 2
MI) patients should receive appropriate medical therapy and selec-
tive use of invasive strategies for high-risk clinical features such as
ongoing angina, unstable arrhythmia, hemodynamic instability or
heart failure (Mahmud et al., 2020). Additionally, the use of ri-
varoxaban in combination with standard antiplatelet therapy has
been demonstrated to further mitigate the risk of a fatal event oc-
curring during the disease course of an ACS in the ATLAS ACS-2
TIMI-51 trial (O’Riordan, 2018). Furthermore, novel analysis of
data from the MARINER trial has indicated that rivaroxaban may
have potential for thromboprophylaxis in at-risk patients, who are
discharged following hospitalization for COVID-19 (Cox, 2020).
Although the standard of care for ACS should be undertaken with
suspected or known COVID-19, the therapy approach should be
modified based on the severity of clinical presentation, hemody-
namic stability and overall risk of mortality. The use of echocar-
diographic imaging may assist in additional decision-making for
COVID-19 patients with suspected ACS.

5.2 Heart failure, cardiomyopathy, and shock

In severe COVID-19 infection, acute heart failure and circula-
tory shock may occur, requiring the use of inotropic agents and
vasopressors to maintain a mean arterial pressure greater than 60
mmHg (American College of Cardiology, 2020). Additionally,
pulmonary artery catheters may be used to help guide the ad-
ministration of these therapies (American College of Cardiology,
2020). In severe COVID-19 cases with refractory shock, RV fail-
ure and extreme hypoxic lung injury, extra corporeal membrane
oxygenation (ECMO) or other types of mechanical circulatory
support (MCS) such as Impella CP® or RP ( or intra-aortic bal-
loon pump) can also be used (Haiduc et al., 2020). Chronic HF pa-
tients with COVID-19 infection should continue using guideline-
directed standard medical therapy (i.e. beta blockers, RAAS mod-
ulatory agents) as previously prescribed unless contraindicated by
their acute illness. The results of the ongoing Colchicine Coro-
navirus SARS-CoV2 (COLCORONA) trial may be noteworthy

Mahenthiran et al.



for the potential administration of colchicine to reduce pulmonary
complications and mortality in heart disease patients with COVID-
19 infection (Montreal Heart Institute., 2020). Furthermore, the
results of The Three C Study may also yield promise with the po-
tential use of canakinumab, an anti-inflammatory drug, to prevent
acceleration of heart and respiratory failure during COVID-19 in-
fection (The Cleveland Clinic. , 2020).

5.3 Cardiac arrhythmia

ARDS with hypoxia, as a result of COVID-19, may increase
the risk of atrial arrhythmia including atrial fibrillation (AF) and
atrial flutter (Aflutter) (Buch et al., 2003). The ongoing ACOVID
trial is investigating whether the use of continuous ECG mon-
itoring can help elucidate the mechanism by which COVID-19
contributes to the development of cardiac arrhythmia (Lamberts,
2020). While the etiological mechanism may be unknown, the
goals of therapy for supraventricular arrhythmia are similar with
rate control, rhythm control and thromboembolic prophylaxis. In
hemodynamically unstable patients with AF, Aflutter, or VT, elec-
trical cardioversion should be performed if intubation can be done
with minimal risk of exposure to viral aerosol particles (Driggin
et al., 2020; Lakkireddy et al., 2020). In hemodynamically stable
patients with AF, Aflutter, or VT, IV amiodarone can be admin-
istered with consideration for risk of QT prolongation with other
medications. Initiation of rate control therapy with beta or calcium
channel blockers (with or without digoxin) may be considered for
hemodynamically stable AF and supraventricular arrhythmia. An-
ticoagulation for thromboembolic and stroke prophylaxis guided
by CHA2DS2-VASc score of greater than or equal to 2 is required,
in the absence of significant risk for bleeding (January et al., 2019).

New onset VT is a marker of acute myocardial injury with
COVID-19 and the incidence of the infection as a trigger of VT
or VF is not known. In a cardiac arrest situation, the standard ba-
sic and advanced life support protocols are to be followed with
appropriate personal protective equipment of the staff (European
Society of Cardiology, 2020). Instead of amiodarone, IV pro-
cainamide or lidocaine can be considered for hemodynamically
stable patients on QT prolonging antiviral agents (European So-
ciety of Cardiology, 2020). For patients with arrhythmias, there
should be prompt correction of electrolytes and acidosis as well as
hypoxia with intubation. In cases of recurrent VT with increased
adrenergic surge, the addition of a sympathetic blockade (esmolol)
can be considered. TdP, a form of polymorphic VT, is associ-
ated with QT prolongation that can be triggered by antiviral agents
used in combination with cardiac medications. To manage TdP,
all QT prolonging drugs should be withdrawn, electrolyte levels
corrected, and bradycardia should be improved with IV isopro-
terenol or an overriding, temporary pacemaker (European Society
of Cardiology, 2020). After recovery from COVID-19, secondary
prophylactic implantable cardioverter-defibrillator or catheter ab-
lation needs to be considered based on additional cardiac evalua-
tion.

5.4 Vascular thrombosis

PE and VTE therapy depends on the clinical status and comor-
bidities of the patient; higher risk patients benefit more from sys-
temic IV or catheter-directed thrombolysis via EkoSonic”* En-
dovascular System (EKOS) as well as mechanical thrombectomy
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(European Society of Cardiology, 2020). Low to intermediate-
risk patients are mostly managed with parenteral anticoagula-
tion with therapeutic dose heparin products, which is then fol-
lowed with long-term use of Vitamin-K antagonist (VKA) or di-
rect oral anticoagulant (DOAC) agents (Watson et al., 2020). Pa-
tients with acute thrombotic CVA benefit from early systemic
thrombolytics (tissue plasminogen activator) or endovascular ther-
apy (AHA/ASA Stroke Council Leadership, 2020). Standard sec-
ondary prevention antiplatelet therapy is to be considered for pre-
sentations of vascular thrombosis (Watson et al., 2020). Rou-
tine thromboprophylaxis with heparin products is strongly recom-
mended in all hospitalized COVID-19 patients as it has demon-
strated lower mortality when combined with antiviral agents (Tang
et al., 2020). Currently, a clinical trial led by Massachusetts Gen-
eral Hospital is evaluating the use of enoxaparin for anticoagula-
tion in COVID-19 patients with elevated D-dimers (Massachusetts
General Hospital, 2020). Extended VTE prophylaxis with DOAC
agents should be considered for critically-ill patients trying to over-
come symptomatic COVID-19 (Watson et al., 2020).

5.5 Other considerations

Patients with mechanical prosthetic valves should continue re-
ceiving chronic VKA with warfarin and low-dose aspirin therapy
(Nishimura et al., 2014). Standard bridging with therapeutic hep-
arin is required for any interruptions with anticoagulation and me-
chanical prosthetic valves (Nishimura et al., 2014). For patients
with chronic, stable cardiovascular disease including ischemic and
valvular heart disease as well as heart failure, standard treatment
should be continued even with COVID-19 infection unless directly
contraindicated (European Society of Cardiology, 2020).

6. COVID-19 therapies and their associated

CV implications
6.1 Antivirals

Until recently, no specific antiviral therapy had been effective
for COVID-19 and the management was largely supportive, fo-
cused on preventing symptomatic complications and organ fail-
ure. Recently, IV remdesivir became the first FDA-approved an-
tiviral therapy with clinical improvement of hypoxic SARS-CoV-2
patients (Grein et al., 2020). Other antiviral agents and immune
modulating biologicals have been used in clinical practice and are
undergoing further clinical trials (Delang and Neyts, 2020). Some
of these antivirals carry the risk of PR-QT interval prolongation,
especially in patients with a baseline prolonged QT interval or with
other QT prolonging drugs (AbbVie Inc., 2013). These drugs may
have variable effects on anticoagulant warfarin dosing and may
require dose reductions of CYP3A-mediated DOAC agents (De-
Carolis et al., 2016; Mueck et al., 2013). As of July 2020, the
World Health Organization decided to stop trials with combina-
tions of lopinavir and ritonavir for COVID-19 therapy as the Sol-
idarity Trial revealed these drugs had minimal reduction in pa-
tient mortality (World Health Organization. , 2020b). Antivirals
can also influence the activity of P2Y 12inhibitors, resulting in al-
tered serum concentrations of the active metabolites of antiplatelet
agents (decreased for clopidogrel and prasugrel while increased
for ticagrelor) (AstraZeneca Canada Inc., 2011). As a result, there
will need to be careful monitoring with possible dose adjustments
for anticoagulant and/or antiplatelet therapy given to COVID-19
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patients.

6.2 Chloroquine

Chloroquine, an antimalarial agent, blocks viral infection by
increasing the endosomal pH in vitro, however, closely-related hy-
droxychloroquine has been shown to have limited benefits in the
treatment of COVID-19 (Geleris et al., 2020). Potential risks of
chloroquine use include cardiac toxicity with direct myocardial
suppression and altered cardiac conduction, including the risk of
QT prolongation and associated ventricular arrhythmia (Driggin
et al., 2020). In addition, due to its effects on CYP2D6 inhibition,
chloroquine may cause increased concentration of concurrent beta
blocker levels, requiring monitoring of heart rate and blood pres-
sure with appropriate dose adjustments (Tonnesmann et al., 2013).

6.3 RAAS modulators (ARB, ACE inhibitors, aldosterone
blockers)

Controversy exists over the use of RAAS modulators such as
ACE inhibitors or ANG II receptor blocker (ARB) agents in the
treatment of COVID-19. In rat models, ACE inhibitor agent lisino-
pril increased ACE2 activity and ARB agents losartan and eprosar-
tan caused a twofold increase in ACE2 activity (South et al., 2020).
Since these agents upregulate ACE2 peptidase levels, they may
increase the risk of viral entry in bronchial epithelial cells (Brett
and Rind, 2020). Contrarily, ACE inhibitors have been demon-
strated to increase ANG-(1-7) levels while decreasing ANG 1II lev-
els, which is beneficial for cardiothoracic tissues due to the anti-
fibrotic and anti-inflammatory effects of ANG-(1-7) (Chappell,
2016). It has been demonstrated that in human kidney organoids,
human recombinant soluble ACE2 (hrsACE2) can be used to pre-
vent SARS-CoV-2 viral entry into host cells during the early stages
of infection by competitively binding the viral spike protein (Mon-
teil et al., 2020) (see Fig. 1) (Guzik et al., 2020). Furthermore,
the activation of ADAM metallopeptidase domain 17 (ADAM17)
with disintegrin can free ACE2 that is membrane-bound, which
then acts as soluble ACE2 that may hinder viral entry into the host
cell (see Fig. 1) (Guzik et al., 2020). However, the ACE2 shed-
ding mechanism by which ADAM17 may prevent COVID-19 in-
fection needs further evaluation (Palau et al., 2020). Aldosterone
antagonists, including spironolactone and eplerenone, may have
a dual therapeutic mechanism by 1) inhibiting activation of the
mineralocorticoid receptor (MR) that promotes the hyperinflam-
matory profile responsible for ARDS in COVID-19 and 2) inhibit-
ing TMPRSS?2 expression, which is essential for activation of the
spike protein used in viral entry (Liaudet and Szabo, 2020). The-
oretically, aldosterone antagonists may have a beneficial effect in
preventing lung injury from COVID-19, however; their benefits
in the CV system still remains undetermined. Although there are
arguments for and against RAAS modulator use in COVID-19 pa-
tients, there is insufficient evidence to stop the use of these agents
for hypertension control and any other standard indications during
concurrent COVID-19 infection (Mancia et al., 2020).

6.4 Corticosteroids

Recent data from the Randomised Evaluation of COVID-19
therapy (RECOVERY) trial suggest that there is a favorable benefit
in the use of low-dose dexamethasone for COVID-19 patients with
hypoxic respiratory failure (Horby et al., 2020). It is important to
note the use of low dose dexamethasone to avoid the immunosup-
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pressive effects of higher doses. However, steroid therapy has an
increased risk for fluid retention, electrolyte imbalances, hyper-
tension exacerbation and interaction with warfarin that needs addi-
tional monitoring (Hodgens and Sharman, 2020). Glucocorticoids
have been shown to suppress the release of pro-inflammatory cy-
tokines involved in the cytokine storm during COVID-19 infection
(Cruz-Topete and Cidlowski, 2015). The use of steroids was nu-
merically higher for patients with myocardial injury who survived
COVID-19 infection, although this treatment should not be routine
and should instead be considered salvage therapy for hemodynam-
ically unstable patients (Zhou et al., 2020).

7. Conclusions

As the SARS-CoV-2 pandemic progresses, the interactions be-
tween co-existing CV disease and acute CV manifestations have
a major implication on the medical community's understanding of
this disease. The heart and vascular manifestations are more likely
to be associated with severe disease resulting in adverse outcomes
including increased mortality. Early recognition and a widespread
in-depth understanding of the spectrum of CV conditions will help
prioritize therapy and improve disease prognosis. The scientific
community continues to learn key new insights about pathogene-
sis and therapeutics from current ongoing clinical trials. This will
evolve over time to further improve the extent of favorable out-
comes for patients infected during this pandemic. As our current
gap in knowledge of this disease narrows, the lessons learnt will
likely emerge to provide us a new paradigm of understanding, ther-
apeutics and healthcare models even after this crisis is over.
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